)(NOV) fat replacers on the flavor volatiles of low fat Cheddar cheese (5% fat), during initial stage of ripening, were determined using Gas Chromatography-Mass Spectrometry. The predominant volatiles in all cheeses were; octanoic acid> acetoin > 2,3-butanedione. Undecanoic acid, nonanoic acid, and heptanone were less dominant. Treatments apparently attenuated them differently during initial aging compared to the low fat control (LFC) based on their relative ratio to an internal standard (12 g of 3-heptanol/250 g of grated cheese). Within one month of maturation, the ratio of acetoin increased from 12.5 to 16, decreased from 15 to 13, and 11 to 9 for NOV, DL, and LFC, respectively. Octanoic acid, the most dominant volatile, decreased markedly in all cases in the order; 29 to 18>26 to 18>26.5 to 22, for LFC, NOV, DL, respectively. 2,3-Butanedione decreased to about half the initial concentration only for NOV and remained relatively the same for DL and LFC. Other comparatively minor volatiles were also impacted differently. These preliminary data show that fat replacers attenuated initial storage related flavor volatiles of low-fat Cheddar cheese compared to control and this influence varied depending on the type of fat replacer used.
Various protein and carbohydrate based fat replacers are used to improve texture of low fat Cheddar cheese (Kucukoner et al., 1998; Haque et al., 1997) . Water associated with the structure of carbohydrate particles results in fat mimicking properties. A good carbohydrate-based fat substitute conceivably has a structure that strongly binds and orients water in a manner that imitates mouth feel of fat (Walter & Cox, 1992) . Microparticulated proteins, gums and modified starches are used to preserve and enhance fat like sensory properties in products (Drewnowski, 1990) . The impact of these fat replacers on flavor component attenuation of low fat Cheddar cheese is not well understood.
Our recent work related to changes in rheological properties and peptide content that takes place in maturing low fat Cheddar (Kucukoner, 1998) , and earlier report that milk peptides dramatically reduce enzyme activity (Haque & Antilla, 1993) lends credence to the premise that early age related changes may have a compound affect on the quality of the final product. This study was conducted to observe the effect of two fat replacers on flavor volatiles of low fat Cheddar cheese during the first month of ripening at 7°C. It is speculated that changes at this initial stage could bear clues to the differences in organoleptic profiles of low fat cheeses in the presence of fat replacers.
Protein based fat replacer, Dairy Lo TM (DL) was from Pfizer Inc, Groton, CT. and a carbohydrate based fat replacer, Novagel TM (NC 200)(NOV), was from FMC Corp, Philadelphia, PA. Fat replacers were added as per manufacturers' suggestions, i.e., 1% of Dairy Lo and 0.2% of Novagel. Novagel was mixed with 0.5% non fat dry milk prior to addition to cheese milk as suggested by the manufacturer.
Milk for cheese making was standardized to 0.5% milk fat. Low fat control (5% fat)(LFC) and low fat Cheddar cheese made with fat replacers were manufactured using a modification of Kosikwoski's method as described earlier (Kucukoner et al., 1998) . Milk was fermented using 0.35% (v/v) of Lactococcus lactis and Lactococcus cremoris (1:1 ratio) (Chr. Hansens Lab Milwaukee, WI).
Vacuum Simultaneous Steam Distillation Solvent Extraction (V-SDE) was carried out as described earlier (Chung & Cadwallader, 1994) . Grated cheese samples (250 g) and 2 l of deodorized distilled water was added to a three-necked round bottom flask. After addition of an internal standard, 3-heptanol (12 g in redistilled dichloromethane), samples were extracted for 4 h with methylene chloride (100 ml). The V-SDE extracts thus obtained were stored at -10°C for 16 h to remove moisture by freezing, concentrated under a stream of nitrogen, passed over sodium sulfate to remove residual moisture, and further concentrated in a stream of nitrogen to a final volume of 0.3 ml. Volatiles in the concentrated V-SDE were separated by gas chromatography by injecting 1. A large number of volatile acids, aldehydes and ketones and other volatiles were detected (Table 1) . This is in keeping with observations by others (Banks et al., 1992 , Maarse et al., 1989 . Trace levels of 2-methyl naphthalene were observed in DL compared to LFC and NOV (Table 1) . Hexadecanal was not observed in LFC but was detected in DL and NOV. Levels of pentanoic acid and 2,3-pentanedione increased as the age of the cheese increased to one month (Table 1) . When LFC was aged for a month, the volatiles that markedly changed in concentrations were 2-heptanone, 3-hydroxy 2-butanone, 2-cyclohexene-1-ol, octanoic acid, nonanoic acid and undecanoic acid. The DL cheese aged for one month showed marked changes in 2 cyclohexene-1-ol, 2-undecanone, 2-tridecanone, nonanoic acid and tridecanoic acid. In the NOV cheese, initial aging brought about marked changes in levels of 2-heptanone, 2-nonanone, 2-undecanone, hexanoic acid, octanoic acid, dodecanoic acid and tetradecanoic acid. To negate the effect of possible differences in extraction efficiency between samples, results are presented as the ratio of peak area of a compound to the peak area of the internal standard (Figs. 1A and B) . Octanoic acid (faint, fruity, acid odor and slightly sour taste), acetoin and 2,3-butanedione (diacetyl) (pleas- ant butter-like odor) (Burdock, 1995) , were the major volatile components in the V-SDE of the young (1 day) LFC and the treatments (Fig. 1A) . Octanoic acid decreased on initial aging for all samples and this decrease was the sharpest for LFC (Fig. 1A) . Acetoin decreased with initial aging in LFC and DL but increased slightly (12.5 to 16) in NOV. Diacetyl remained similar in LFC and DL but decreased from 11.5 to 6 in NOV. Starter culture organisms form diacetyl but citric acid is required as a precursor (Collins, 1972) . Compounds in the V-SDE that were detected at ratios <5 were termed minor components (Fig. 1A) . Of these, the 1 day cheeses showed comparatively high levels of nonanoic acid (fatty characteristic odor) and undecanoic acid (faint, aldehydic odor). The same fatty acids were reported while studying volatile compounds in steam distillates of Cheddar cheese (Banks et al., 1992) . 2-Heptanone (characteristic banana, slightly spicy odor) was also observed and was highest for young cheeses containing NOV (day 1) at a ratio of 2.7 compared to 1.2 and 1, respectively, for LFC and DL (Fig. 1B) . This volatile increased sharply by almost 3 fold on initial ripening in LFC, less markedly by 31% for DL, and decreased by 58% for NOV (Fig. 1A) .
Data show that fat replacers influenced the formation of flavor volatiles during initial maturation. Our earlier studies showed differences in levels of proteolysis of lowfat cheese due to fat replacers used (Kucukoner et al., 1998) . Production of volatile fatty acids was markedly reduced in skim milk Cheddar (Kucukoner et al., 1998 , Haque et al., 1997 and lipolysis is needed for the formation of volatiles during Cheddar cheese maturation (Dulley & Grieve 1974) . Milk peptides dramatically reduce proteolytic activity (Haque & Antilla, 1993) . In addition, there is variability of flavor binding affinity amongst matrices (Pelletier et al., 1998; . It is therefore postulated that a combination of, (i) differences in lipolytic and proteolytic activity in cheese as a result of the fat replacer, and (ii) their effect on the binding and/or release of volatiles from the cheese matrix or the fat replacers per se, may have contributed to the observed differences. Since the amount of fat replacers used was very small, and the starting composition was the same, differences on initial ageing support the first premise whereas differences in the young treated cheeses compared to the LFC support the later.
